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The work o f  a o w l k o f f  ( 1 9 0 8 )  i n i t i a t e d  a  new p h a s e  o f  
r e s e a r c h  in  t h e  i n v e s t i g a t i o n  o f  p r o t o z o a n  m e t a h o l i s m  and  
l e d  t h e  way i n t o  a  new f i e l d  o f  r e s e a r c h  work on t h e  e f f e c t s  
o f  e n d o c r i n e  g l a n d s .  The m arked e f f e c t s  o f  t h e s e  on t h e  
m e t a b o l i c  r a t e  o f  Mammalia and A m p h ib ia  h a v e  b e e n  f i r m l y  
e s t a b l i s h e d  and t h e  w o rk s  o f  Bndd in g to n  and H a rv ey  ( 1 9 1 3 ) ,  
Shnmway ( 1 9 1 4 ,  1 9 1 6 ) ,  A b d e r h o ld e n  and S c h l f f m s n  ( 1 9 2 2 ) ,  
W o o d ru ff  and S w i n g l e  ( 1 9 2 3 ,  1 9 2 4 ) ,  C o r i  ( 1 9 2 3 ) ,  and B a l l  
( 1 9 2 5 )  h a v e  shown t h a t  t h y r o i d  and o t h e r  g la n d s  p r o d u c e d  
d e c i d e d  i n c r e a s e s  i n  t h e  d i v i s i o n  r a t e  o f  r a r a m e o ia .  T h ese  
w o r k e r s  h a v e  b een  d i v i d e d  i n t o  two ^ o u p s ;  t h o s e  who b e ­
l i e v e d  t h a t  t h e  horm one p r i n c i p l e  o f  g la n d s  p r o d u c e d  s t im u ­
l a t i o n ;  and t h o s e  who f e l t  t h  t  t h e  i n c r e a s e d  m e t a b o l i c  
a c t i v i t y  w as due t o  b e t t e r  fo o d  c o n d i t i o n s .
My w ork  on t h e  e f f e c t s  o f  e n d o c r in e  g l a n d s  on H a r a -  
m eoium  cau d atu m  w as s t a r t e d  on March 3 ,  1 9 3 3 ,  a f t e r  
s e v e r a l  m o n th s  o f  p r e l i m i n a r y  r e s e a r c h  on t h e  c h a r a c t e r ­
i s t i c s  o f  t h i s  p a r t i c u l a r  c l o n e .  The w ork  w as c a r r i e d  on 
w i t h  t h e  p u r p o s e  i n  m ind o f  c h e c k i n g  t h e  o t h e r  w o r k e r s*  
r e s u l t s  t o  p r o v e  w h e th e r _ f$ 9 ^ ^  o r  h o rm o n es  w e r e  c a u s i n g  
t h e  I n c r e a s e d  d i v i s i o n  r a t e s  and how t h e y  w e r e  a f f e c t i n g  
i t .  S i n c e  n o  o t h e r  w o r k e r s  a t te m p te d  t o  e s t i m a t e  th e  
num ber o f  b a c t e r i a  p r e s e n t  i n  t h e  m e i is e ,  L t r i e d  t o  do
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I  w i s h  t o  t h a n k  D r . R o b e r t  T . Yotmg f o r  t h e  f i n e  
p e r s o n a l  s u p e r v i s i o n  w h ic h  h e  h a s  g i v e n  me^ and D r .  M*
J .  E lr o d  and P r o f e s s o r  A« J .  W e l l s  f o r  a d v i c e  and e g u .ip *  
m e n t .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
. 0 .
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H oidL koff ( 1 9 0 8 )  w as t h e  f i r s t  t o  e x p e r im e n t  on P a r a -  
meoittm ca a d a ta m  w i t h  t h y r o i d *  He i s o l a t e d  a  sp e c im e n  i n  
a  l a r g e  d r o p  o f  s h e e p  t h y r o i d  medlxaa and  i t  was a l lo w e d  
t o  d i v i d e  f o r  f i v e  o r  s i x  d a y s *  D a l l y  o o rm ts  w e r e  made o f  
t h e  t o t a l  nnm her p r e s e n t ,  and t h e s e  w e r e  com pared  w i t h  t h e  
f i g u r e s  d e r i v e d  fr o m  t h e  d i v i s i o n  r a t e s  o f  t h e  d i s t i l l e d  
w a t e r  o r  e g g  m e d ia  c o n t r o l  c u l t u r e s *  H is  r e s u l t s  showed  
a g r e a t e r  i n c r e a s e  i n  t h e  num bers i n  t h e  t h y r o i d  l i n e s  
a s  com pared  w i t h  t h e  i n c r e a s e  o f  t h e  s i s t e r  c o n t r o l s *
H is  f i n a l  c o n c l u s i o n  w as t h a t  a  horm one c a u s e d  s t i m u l a t i o n *  
V ery  j u s t  c r i t i c i s m s  c a n  b e  made o f  h i s  p r o c e d u r e s ,  b e c a u s e ,  
b y  p e r m i t t i n g  t h e  medium t o  s t a n d  s o  l o n g ,  t h e  b y - p r o d u c t s  
o f  t h e  p r o t o z o a n s  w ou ld  s t o p  t h e  n o rm a l g r o w th  r a t e *  A l s o  
t h e  c o m p a r is o n  o f  t h y r o i d - f e d  l i n e s  w i t h  d i s t i l l e d  w a te r  
c o n t r o l s  i s  w rong  b e c a u s e  P a r  ern ecia  c a n n o t  l i v e  l o n g  in  
d i s t i l l e d  w a te r *  Shumway ( 1 9 1 4 )  i n d i c a t e d  t h a t  i f  H o w l-  
k o f f  had g i v e n  t h e  num ber o f  d i v i s i o n s  d a i l y  i n s t e a d  o f  
t h e  t o t a l  number o f  i n d i v i d u a l s ,  t h e  d i f f e r e n c e s  w o u ld  
h a v e  b een  v e r y  i n s i g n i f i c a n t *  H o w lk o f f^ s  ju d gm en t t h a t  
t h y r o i d  h o rm o n es  c a u s e d  t h e  s t i m u l a t i o n  i s  i l l o g I n a l , b e ­
c a u s e  t h e  m u s c l e - f e d  l i n e s  d id  a s  w e l l  a s  t h e  t h y r o i d - f e d *
B u d d in g to n  and H a r v ey  ( 1 9 1 3 )  w orked  w i t h  t h y r o i d - f e d  
P a r a m e o la  acid S t y l o n y o h i a  and com pared  them  w i t h  h a y  i n ­
f u s i o n  c o n t r o l s *  T h e ir  r e s u l t s  show ed  t h a t  a  l a r g e r
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
• 4 .
ntüntïer o f  a n im a l s  w er e  p r e s e n t  i n  t h e  g ln n d  m e d ia  th a n  i n  
t h e  c o n t r o l s  f o r  t h e  same l e n g t h  o f  t i m e .
Shnmway ( 1 9 1 4 ,  1 9 1 7 )  w as t h e  n e x t  w o r k e r .  He a d o p t e d  
a  new p r o c é d u r e ,  t h e  d a l l y  i s o l a t i o n  m ethod  o f  C a l k i n s  
( 1 9 0 3 ) .  E ach  d a y  h e  w o u ld  c o u n t  t h e  d l Y i s i o n a  w h ic h  had  
o c c u r r e d .  F r e s h  and d e s i c c a t e d  t h y r o i d ,  s u s p e n d e d  i n  
h a y  i n f u s i o n  ,  w er e  u s e d  an d  t h e  r e s u l t s  show ed t h a t  t h e r e  
w a s  an i n c r e a s e d  d i v i s i o n  r a t e  o f  s ix t y « » a .v e  p e r c e n t .  
Shumway saw  t h a t  t h e  f a r a m e c i e  w er e  i n g e s t i n g  t h e  p a r t i c l e s  
o f  t h y r o i d .  T h ese  t h y r o i d  l i n e s  a p p e a r e d  t o  h e  t r a n s ­
p a r e n t ,  s m a l l e r ,  and m ore a c t i v e .  Many had e x t r a  c o n ­
t r a c t i l e  v a c u o l e s  and o n e  o r  irwo e x t r a  c a n a l s  a t t a c h e d  t o  
e a c h  v a c u o l e .  M o r e o v e r ,  t h e  p u l s a t e  t im e  o f  t h e  t h r e e  
v a c u o l e s  w as n o r m a l ,  w h i l e  i n  tw o  v a c u o l e  s p e c i m e n s ,  t h e  
b e a t  w as a  t h i r d  f a s t e r .  Shumway c o n c lu d e d  t h a t  an  u n ­
u s u a l l y  s t a b l e  horm one w as a c c e l e r a t i n g  t h e  m e t a b o l i c  
a c t i v i t y  o f  t h e  t h y r o i d - f e d  l i n e s .
A b d e r h o ld e n  and  S o h i f f m s n  ( 1 9 2 2 )  u s e d  t h y r o i d  
" o p t o n e ” ,  g ro u n d  up t h y r o i d  d i s s o l v e d  in  h a y  i n f u s i o n ,  
and t h i s  a c c e l e r a t e d  t h e  d i v i s i o n  r a t e  o n l y  a f t e r  the  
f o u r t h  d a y .  T h e i r  c o u n t i n g  m ethod  w s s  t h e  sam e a s  
H o w i d o f f *8 and t h a t  h a s  b e e n  c r i t i c i z e d  ( s e e  P age 3 ) .
T hey  t h o u g h t  t h a t  t h y r o i d  horm one c a u s e d  t h e  s t i m u l a t i o n .
C o r i  ( 1 9 2 3  c a r r i e d  a  l a r g e  num ber o f  k h y r o i d - f e d  
l i n e s  f o r  a  ^ o r t  t im e  and fo u n d  an a c c e l e r a t e d  d i v i s i o n
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r a t e  o £  12yo In  th e  t h y r o i d - f e d  l i n e s  •  He c o n o lu d e d  t h a t  
a  horm one c a u s e d  t h e  s t i m u l a t i o n *  A *07% h a y  i n f u s i o n  
w a s u se d  a s  a  b a s i c  medium f o r  d r ie d  g l a n d s  an d  c o n t r o l s *  
R id d le  and T o r r e y  ( 1 9 2 3 ) ,  u s i n g  t h y r o x i n ,  w e r e  un­
a b le  t o  o b t a i n  an I n c r e a s e d  d i v i s i o n  r a t e  and T o r r e y  ( 1 9 2 4 )  
fo u n d  a  d e c r e a s e d  d i v i s i o n  r a t e  w i t h  t h y r o x i n - f e d  l i n e s *  
T h y r o x in  p r o d u c e d  a  m arked i n c r e a s e  o f  e x c r e t o r y  p r o c e s s e s *  
W o o d ru ff  and  S w in g le  (1 9 2 4 »  1 9 2 4 )  a t t a c k e d  t h i s  p r o - . 
b le m  t h e  same w ay  a s  R i d d l e  and  T o rre  y  ( 1 9 2 3 )  in  t h a t  
t h e y  u s e d  t h y r o x i n ,  t h e  hormone p r i n c i p l e  o f  t h e  t h y r o i d  
g l a n d ,  w h ic h  h a s  b e e n  f i r s t  i s o l a t e d  by Zend a l l  i n  1 9 1 9 .  
L a t e l y  i t  h a s  b e e n  u s e d  s u c c e s s f u l l y  In t h e  t r e a i a s e n t  o f  
m yxedem a. I t  i s  b e l i e v e d  t o  h a v e  a l l  t h e  c h a r a c t e r i s t i c s  
o f  t h y r o i d ,  and i f  i t  w o u ld  s t i m u l a t e  fa r a m e o io m  ,  t h e  
p r e v i o u s  w o rk s  w i t h  t h y r o i d  m ig h t  h a v e  c o n s i d e r a b l e  im­
p o r t *  Eo%7@ver, o n e  d e t r i m e n t a l  f a c t o r  i s  t h a t  t h y r o x i n  i s  
o n l y  s o l u b l e  i n  a  b a s i c  medium* T h e r e f o r e ,  i t  w as n e c e s ­
s a r y  f o r  W ood ru ff  and  S w in g le  t o  f i n d  o u t  i f  Param ecium  
w o u ld  s t a n d  .0 0 4 4 ^  t o  *0066'^ RaOH a l k a l i n i t y ,  w h ich  i s  
b a s i c  e n o u g h  t o  d i s s o l v e  t h y r o x i n . The l i n e s  w i t h s t o o d  
t h i s  a l k a l i n i t y ,  s o  t h y r o x i n  was a d m i n i s t e r e d .  The 
t h y r o x i n - f e d  l i n e s  w ere e i t h e r  d e p r e s s e d  o r  showed a b o u t  
t h e  Same a c t i v i t y  a o  t h e  b e e f  e x t r a c t  c o n t r o l s *  A t  t h e  
s a n e  t im e  t h e y  c a r r i e d  t h y r o i d ,  p i t u i t a r y - ,  and m u s c l e -  
f e d  l i n e s  w h ic h  w e r e  s t i m u l a t e d  more th a n  t h e  c o n t r o l s *
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The f a o t  t h a t  t h y r o x i n  d ia  n o t  s t i m u l a t e  and t h a t  p i t u i ­
t a r y -  and m u s c l e - f e d  l i n e s  d id  a s  w e l l  a s  t h y r o i d - f e d  
l i n e s  o a u a ed  them  t o  o o n c lu d e  thrx4 f a v o r a h l s  m e d ia  r a t h e r  
th a n  hormone s t i m u l a t i o n  c a u s e d  t h e  I n c r e a s e d  d i v i s i o n  
r a t e .
B a l l  ( 1 9 2 5 )  fo u n d  t h ^ t  u s e  o f  d e s i c c a t e d  and f r e s h  
t h y r o i d  m e d ia  r e s u l t e d  i n  an i n c r e a s e d  d i v i s i o n  r a t e  
a l t h o u g h  n o t  t o  a s  g r e a t  an e x t e n t  a s  Shumway*s r e s u l t s *
He a t t e m p t e d  t o  f i n d  o u t  w h a t  c a u s e d  t h i s ,  h e l i e v l n g  t h a t  
t h e  e a r l i e r  r e s u l t s  w e r e  n o t  due t o  a  ’’p r e s s o r "  horm one  
o f  t h y r o i d ,  h u t  r a t h e r  t o  t h e  c o n d i t i o n  o f  t h e  b a c t e r i a l  
f l o r a *  Some o f  h it; e x p e r im e n t s  w e r e  c a r r i e d  on w i t h  
h a o t e r i a l - c o n t r o l l e d  c o n d i t i o n s  w h ere  th e  c o n t r o l s  d id  a s  
w e l l  a s  t h e  t h y r o i d - f e d  l i n e s *  H is  w o rk  w i t h  s o l u t i o n s  
o f  l i v e r  e x t r a c t ,  i r e s h  a n t e r i o r  o r  p o s t e r i o r  p i t u i t a r y ,  
and g ly c o g e n  show ed t h a t  t h e s e  s u b s t a n c e s  c a u se d  an 
a c c e l e r a t i o n  a s  g r e a t  a s  t h a t  o f  t h y r o id *  Thus h e  c o n ­
c lu d e d  t h a t  t h e  d i v i s i o n  r a t e  d ep en d ed  upon t h e  fo o d  s u p p ly  
r a t h e r  th a n  horm one s t i m u l a t i o n .
M o st  o f  t h e  w o r k  on p r o t o z o a n s  w i t h  e n d o c r i n e s  
o t h e r  t h a n  t h y r o i d  w as n o t  e x t e n - i v e .  N e v e r t h e l e s s ,  
o t h e r  g l a n d s  h a v e  b een  u s e d ;  N o w ik o f f  ( 1 9 0 8 }  and Shumway
( 1 9 1 7 )  w er e  u n a b le  t o  f i n d  i n c r e a s e d  d i v i s i o n  r a t e s  in  
p i t u i t a r y - f e d  l i n e s ,  w h i l e  Chambers ( 1 9 2 ( ) i n d i c a t e d  a 
s l i g h t  i n c r e a s e .  A b d e r h o ld e n  and 8 c h i f f  man ( 1 9 2 2 )  fo u n d
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an I n c r e a s e  a f t e r  t h e  d i v i s i o n  r a t e  had d e c r e a s e d  a t  
f i r s t *  W o o d ru ff  and S w in g le  ( 1 9 2 4 )  d i s c o v e r e d  c o n s i d e r a b l e  
i n c r e a s e  when f r o g  p i t u i t a r y  was u s e d .  S u p r a r e n a l  g a v e  
n o  i n c r e a s e  when u s e d  by  K o w ik o f f  ( 1 9 0 8 ) ,  Shumway ( 1 9 1 4 ) ,  
o r  Chambers ( 1 9 1 9 ) .  A d r e n a l in  i n c r e a s e d  t h e  p u l s a t i o n  
r a t e  o f  th e  c o n t r a c t i l e  v a c u o l e  ( F l a t h e r ,  1 9 1 9 ) .  D r ie d  
c a r p u s  lu te u m  d e p r e s s e d  t h e  d i v i s i o n  r a t e  (A b d e r h o ld e n  
and S c h i f f m a n J .  B a l l  ( 1 9 2 5 )  t r i e d  a n t e r i o r  p i t u i t a r y  and  
p o s t e r i o r  p i t u i t a r y  and t h e s e  a c c e l e r a t e d  t h e  f i s s i o n  
r a t e *
Param ecia. f e e d  upon t h e  b a c t e r i a  i n  t h e  m e d ia  and  
a r e  g r e a t l y  i n f l u e n c e d  b y  t h e  number and k i n d s  o f  b a c t e r i a ,  
a s  some o f  t h e  f o l l o w i n g  w ork s w i l l  s h o w .
S e v e r a l  r e s e a r c h  w o r k e r s ,  p a r t i c u l a r l y  H a r g i t t  and 
F r a y  ( 1 9 1 7 ) ,  h a v e  in v e n t e d  s t e r i l i z a t i o n  m e th o ld a  w h ic h  
e n a b le d  them  t o  f e e d  P o r s m e c ia  e i t h e r  s i n g l e  o r  m ixed  
s t r a i n s  o f  b a c t e r i a .  N in e  s e p a r a t e  s t r a i n s  w ere  t r i e d  and 
o n l y  B . : u b t i l u s  w o u ld  k e e p  t h e  P aram ecium  from  s t a r v i n g *  
H o w ev e r ,  m i x t u r e s  c a u s e d  n o r m a l  d i v i s i o n  r a t e s *
O e h le r C 1 9 1 0 - 1 9 2 0 )  r e p o r t e d  t h a t  a l l p r o t o z o a n s ,  e v e n  
a m o ib a ,  show s p e c i f i c  t a s t e s  f o r  c e r t a i n  f o o d s *  P h i l l i p s
( 1 9 1 8 )  c a r r i e d  on w ork  s i m i l a r  t o  t h ; t  o f  H a r g i t t  and 
P r a y  and o b t a i n e d  s i m i l a r  r e s u l t s .
In  o r d e r  t o  s t e r i l i z e  p r o t o z o a n s  s o  t h a t  t h e y  c o u ld  
b e  i s o l a t e d  i n  s p e c i f i c  m e d ia ,  new s t e r i l i z a t i o n  m e th o d s
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w er e  d e T s l o p e a .  H a r g i t t  and F ra y  (1 9 1 7 )  c a r r i e d  a  s p e c i -  
lasn t h r o u g h  f i v e  w a s h in g s  i n  s t e r i l e  d i s t i l l e d  w a t e r  (2 0  
m in u t e s  e a c h  w a s h in g ) *  i f a r p e r t  ( 1 9 2 8 )  c r i t i c i z e d  t h e i r  
m ethod a s  i n s u f f i c i e n t  "because t h e y  n e v e r  t e s t e d  t h e  me­
d ium  a f t e r  t h e  o r g a n is m  had f i n a l l y  b e en  w a s h e d .  He had 
fo u n d  t h a t  i t  t o o k  n e a r l y  f i v e  h o u r s  f o r  a  sp e c im e n  t o  
e j e c t  a l l  b a c t e r i a l  s p o r e s .  B e c a u s e  o f  t h i s  f a c t ,  ha 
e s t a b l i s h e d  a  new m ethod  w h e r e b y  an o r g a n is m  w as w ashed  
f i v e  t i m e s  i n  t w e n t y  m in u t e s  and was th e n  l e f t  in  th e  
s t e r i l e  medium f o r  f i v e  h o u r s  * A f t e r w a r d s ,  th e  a n im a l  w as  
w a sh ed  f i v e  m ore t im e s  s o  a s  t o  rem ove t h e  e j e c t e d  m a t e r i a l .
O u t l e r  an d  Crump ( 1 9 2 3 )  fou n d  t h a t  t h e  l a r g e r  t h e  
number o f  b a c t e r i a  i n  t h e  m e d ia ,  t h e  g r e a t e r  t h e  num ber  
o f  d i v i s i o n s  t h a t  C o lp o d lu m  w ould  u n d e r g o .
L u ck , S h e e t s ,  and Thomas ( 1 9 3 1 )  p l a t e d  sfflne d r o p s  
fro m  n o r m a l m ed ia  i n  a g a r  and found t h a t  e i g h t  o r  n i n e  
d i f f e r e n t  s t r a i n s  w e r e  t h e  n o rm a l h a b i t a t s  o f  h a y  i n ­
f u s i o n *  S a r o i n a  l u t e  a .  R h o d o o o c o u e . . and t h r e e  o t h e r s  
seem ed  t o  make up t h e  m a j o r i t y  o f  b a c t e r i a  p r e s e n t *
H one o f  t h e s e  c o u ld  s u p p o r t  a  s t e r i l i z e d  P a ra m ec iu m ,  
b u t  a m i x t u r e  o f  s t r a i n s  w ou ld  a lw a y s  c a u s e  e i t h e r  a  n o r ­
m al o r  an i n c r e a s e d  d i v i s i o n  r a t e *
The q u e s t i o n  o f  b a o t e r i s l  n u t r i t i o n  i s  i m p o r t a n t ,  
b e c a u s e  t h e  p o s i t i v e  i n c r e a s e s  in  d i v i s i o n  r a t e  p r o b a b l y  
a r e  c a u s e d  by  t h e  k i n d s  and q u a n t i t i e s  o f  b a c t e r i a  r a t h e r  
th a n  t h e  hbrm one s t i m u l a t i o n *
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A l l  nq? e z p e r i m e n t a l  w ork  w as o a r r i e d  on w i t h  a  
p e d i g r e e d  l i n e  o f  Param eoln ia  oau d a tn m .F *  I s o l a t e d  fr o m  
a  s t o c k  c u l t u r e  o f  P o w e r s  and P o w e r s ,  L i n c o l n ,  î î e h r a s k a ,  
on K ovem her 6 ,  1 9 3 2 .  In  J a n u a r y  t h e  **H l i n e  w as begun  
fr o m  t h e  F l i n e  and w a s  u s e d  e x t e n s i v e l y .  In  a l l  th e  
w o r k ,  t h e  i s o l a t i o n  m ethod  o f  C a lk in s  and R o b e r t s o n  w as  
e m p lo y e d .  I t  c o n s i s t s  o f  c h a n g in g  a  param eolum  from  a  
t w e n t y - f o u r  h o u r  o l d  medium t o  f r e s h  m a t e r i a l  b y  m eans o f  
a  c l e a n  c a p i l l a r y  p i p e t t e .  The s t e r i l e  b e e f  e x t r a c t ,  w h ic h  
I s  t h e  . 0 2 5 ^  L i e b i g  b e e f  e x t r a c t  o f  W oodruff and B a i t s e l l  
( 1 9 1 1 ) ,  w a s  t r a n s f e r r e d  w i t h  a c l e a n  p i p e t t e  t o  t h e  h o l l o w  
g l a s s  s l i d e ,  w h ic h  h o l d s  t h r e e  o r  f o u r  d r o p s*  I f  a  c o n ­
t r o l  s l i d e  w as n e e d e d ,  n o t h i n g  more th a n  t h e  param eclum  
w as a d d e d ,  b u t ,w h e n  d e s i c c a t e d  g la n d  w as r e q u ir e d  a  t i n y  
am ount w as t r a n s f e r r e d  t o  the  medium by m eans o f  a s t e r i l e  
b a c t e r i a l  n e e d l e  and was t h o r o u g h l y  s t i r r e d  in *  Of c o u r s e ,  
b e f o r e  t r a n s f e r r i n g  t h e  n a ra m eo iu m .  a  r e c o r d  was made o f  
t h e  number o f  d i v i s i o n s ,  o f  d e a t h s ,  and o f  m o n s t r o s i t i e s  
d u r in g  t h e  p r e v i o u s  t w e n t y - f o u r  h o u r s *  The b e e f  e x t r a c t  
w a s k e p t  a t  a  P h .  o f  7 . 4  -  7*6  b y  m eans o f  a  p h e n o l  r e d
♦ F i n d i c a t e s  t h e  name o f  t h e  l i n e .
**  H* i n d i c a t e s  t h e  name o f  t h e  l i n e .
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I n â l o a t o r  and a  qtilziûdâ p o t e n t i o m e t e r *  T h is  P h .  l a  f a v o r -  
a b l e  t o  t h e  n o r m a l  g r o w th  o f  t h e  param eoltaa  and b a c t e r i a *  
The l i q u i d  e x t r a c t  m e d ia ,  w h ic h  w ere  added  t o  t h e  
s l i d e s  i n  th e  same m anner a s  c o n t r o l  b e e f  e x t r a c t ,  w er e  
p r e p a r e d  in  t h e  f o l l o w i n g  m an n er; on e  oo* o f  o o n c e n t r a t e d  
l i q u i d  e x t r a c t  w as drawn o u t  o f  t h e  am poule by m eans o f  
a  s t e r i l e  p i p e t t e  and added  t o  n i n e  o o .  o f  s t e r i l e  b e e f  
b r o t h ,  t h u s  m a k in g  a  1  -  1 0  d i l u t i o n .  S in c e  one c c *  o f  
c o n c e n t r a t e d  e x t r a c t  i s  e q u a l  t o  t h r e e  g r a i n s  o f  . 1 9 3  gram s  
o f  d r ie d  g l a n d ,  i t  i s  n e c e s s a r y  t o  d i l u t e  t h e  e x t r a c t s  t o  
a  i r o p e r  w o r k in g  p o i n t *  M ost w o r k e r s  and m y s e l f  u s e d  f r e s h  
and d r i e d  g l a n d s  i n  i n d e f i n i t e  a m o u n ts ,  b u t  w i t h  t h e  e x ­
t r a c t s ,  I  t r i e d  i n  e a c h  c a s e  to  k eep  t h e  amount o f  e x t r a c t  
e x a c t l y  t h e  s a m e .  The f i n a l  d i l u t i o n s  w er e  s u c h  t h a t  one  
l i t e r  o f  b e e f  e x t r a c t  would c o n t a i n  an amount o f  g la n d  
e x t r a c t  e q u a l  t o  * 1 1 5  gram s* The 1 - 1 0  d i l u t i o n s  t u b e s  
w e r e  k e p t  a s  t h e  p r im a r y  stenrage t u b e s  an d  in  no c a s e  
w ere t h e r e  c o n t a m i n a t i o n s *  W henever a n y  m ed ia  o f  t h e  
n e c e s s a r y  d i l u t i o n  w as n e e d e d ,  t h r e e  d r o p s  o f  t h e  1 — 10  
d i l u t i o n  w er e  added t o  10  c c *  o f  s t e r i l e  b r o t h  i n  a  s t e r i l e  
5 0 -d r o p  p i p e t t e *
A t v a r i o u s  t im O o , t h e  s l i d e s  w i t h  t h e  r e m a in in g  
^ e c i m o n s  w ere  p e r m i t t e d  t o  s ta n d  f o r  tw o o r  t h r e e  a d d i t io n *  
a l  d a y s  s o  t h a t  i f  l a r g e  num bers  d e v e l o p e d ,  new s t o c k  
c u l t u r e s  c o u ld  b e  s e e d e d *
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Th0  c u l t u r e  s l i d e s  w e r e  s e a l e d  w i t h  c o v e r  s l i p s  and  
k e p t  i n  a  d e s k  com p artm en t a t  a  c o n s t a n t  t e m p e r a t u r e  o f  
2 0  - 2 4  c e n t i g r a d e *
(The d e s i c c a t e d  g la n d  m a t e r i a l s  w era  t h y r o i d   ̂ c o r p u s  
l u t e u m ,  p o s t e r i o r  p i t u i t a r y ,  w h o le  p i t u i t a r y ,  and s u p r a ­
r e n a l *  T h ese  w e r e  s e n t  t o  u s  from  t h e  W ilso n  l a h s r a t o r l e s ,  
C h i c a g o ,  I l l i n o i s *  The l i q u i d  e x t r a c t s  w ere  a n t e r i o r  p i t u i «  
t a r y ,  p o s t e r i o r  p i t u i t a r y ,  w h o le  p i t u i t a r y ,  e p l c e p h r l n ,  
and c o r p u s  lu t e u m ,  from  Armour and Company* T h ese  l a s t  
w er e  i n  o n e  c c *  b a c t e r i a - f r e e  a m p o u le s .
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E x p e r im e n t  1 .
From N . l i n e  on I la ro h  3  t v o  new l i n e s  w er e  s t a r t e d ;  
one » a  c o n t r o l ;  t h e  o t h e r »  a  t h y r o i d - f e d  l i n e *  D u r in g  t h e  
n e x t  t h i r t y  d s y s  t h e  l a t t e r  a v e r a g e d  . 3 6  d i v i s i o n s  d a i l y »  
w h i l e  t h e  c o n t r o l  d i v i d e d  #83  t i m e s  d a i l y #  T h is  d i f f e r e n c e  
I s  s t r i k i n g  f o r  a  s i s t e r  l i n o s  h e o a u s e  t h e  o t h e r  e x p e r ­
i m e n t e r s  fo n n d  i n c r e a s e d  d i v i s i o n  r a t e  in  l i n e s  f e d  
s i m i l a r l y #  A o c o n p a n y in g  t h i s  lo w  d i v i s i o n  r a t e »  w as a  
m o r t a l i t y  f o u r  t im e s  a s  h i g h  a s  t h a t  o f  t h e  o o n t r o l #  How­
e v e r »  t h i s  m o r t a l i t y  was h i g h e r  th a n  i t  a p p e a r s .  A f t e r  
t h e  t w e l f t h  t o  e i g h t e e n t h  h o u r  o n e  o r  tw o  a d d i t i o n a l  
s p e c i m e n s  w e r e  o f t e n  s e e n »  b u t  t h e y  d i e d  b e f o r e  t h e  t w e n t y -
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f o u r  h o u r  t r a n s f e r  p e r i o d *
S e v e r a l  t h y r o i d - f e d  rpurpineola w e r e  w a tc h e d  w h i l e  
t h e y  w e r e  d y ln p .  One o r  t  vo d e v e lo p e d  v e r y  l a r g e  f i x e d  
v a c u o l e s  w h ic h  f i n a l l y  b ro k e  and c a u s e d  d i s i n t e g r a t i o n *  
O t h e r s  g r e w  v e r y  f a t ,  w e r e  f i l l e d  w i t h  many v a c u o l e s ,  
and s l o w l y  d ie d *  Shunrway (1 9 1 7  s t a t e d  t h a t  th e  f i x e d  
v a c u o l e  was an abnorm al c o n t r a c t i l e  v a c u o le *
Some o f  t h e  t w e n t y - f o u r  h o u r  t h y r o i d - f e d  l i n e s  w e r e  
k e p t  in  t h e  I r  u n ch a n g ed  m ed ia  f o r  two o r  t h r e e  d a y s  and  
i n  no c a s e  d id  th e y  i n c r e a s e  In  num ber a s  t h e  c o n t r o l s  
d id  « G o n s r a l l y  t h e y  d ie d  b e f o r e  f o r t y - e i g h t  h o u r s  had  
p a s s e d *
M i c r o s c o p i c  snd  m a c r o s c o p ic  o b s e r v a t i o n s  o f  the  
m edium  showed c o n g e s t e d  c o n d i t i o n s  and e x tr e m e  c l o u d ­
i n e s s  w h ic h  w a s  n o t  a p p a r e n t  i n  t h e  c o n t r o l s *
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T atle 2
S h o w in g  t h e  d a l l y  d i v i s i o n  r a t e ,  a v e r a g e d  b y  f i v e - d a y  
p e r i o d s ,  o f  7 JS l i n e s :  o n e ,  t h y r o i d - f e d ;  o n e ,  w h o & e p p itu i-
t a r y - f e d ;  o n e ,  s u p r e r e n a l —f e d ;  o n e ,  c o r p u s  lu teu m * and  
tw o O O ÏÎtro is .
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E x p e r im e n t  2 .
Prom t h e  H l i n e  on March 6 ,  a  new l i n e  s t a r t e d ,
w h i l e  on  M arch 1 1 ,  tw o l i n e s  e r e  b eg u n  from  i t ;  o n e ,  
a  o o n t r o l ;  t h e  o t h e r ,  a  s u p r a r e n a l - f e d *  A g a in  on March  
1 1 ,  f o u r  new  l i n e s  w ere  s t a r t e d  from  t h e  o r i g i n a l  S  l i n e :
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o n e ,  a  o o n t r o l ;  o n e ,  t h y r o i d - f e d ;  o n e ,  w h o le  p i t u l t a r y -  
f e d ; a n d  o n e ,  p o s t e r i o r  p i t u i t a r y - f e d .
The p u r p o s e  o f  t h e  e x p e r im e n t  w as t o  com pare t h e  
d e s i c c a t e d - f e d  g l a n d s  w i t h  e a c h  o t h e r  and t h e  c o n t r o l s  
in  o r d e r  t o  f i n d  t h e  c o m p a r a t iv e  a b i l i t i e s  f o r  a d d in g  
fo o d  or  h orm ones t o  t h e  m e d ia .  T h y r o id ,  w h ic h  showed  
a  v e r y  low  d i v i s i o n  r a  t e  in  E x p e r im e n t  1 ,  tahfeed l a s t .  
S u p r a r e n a l  and p o s t e r i o r  p i t u i t a r y  w er e  s l i g h t l y l d e -  
p r e s s e d ,  w h i l e  w h o le  p i t u i t a r y  n e i t h e r  s t i m u l a t e d  n o r  
h in d e r e d  t h e  d i v i s i o n  r a t e .
T h y ro id  w as th e  o n l y  g la n d  w h ic h  d id  n o t  come c l o s e  
to  t h e  h e i g h t e n e d  d i v i s i o n  r a t e  fo u n d  by o t h e r  w o r k e r s .
O b s e r v a t i o n s  s i m i l a r  t o  t h o s e  in  E x p e r im e n t  1 w e r e  
made o f  d y in g  s p e c i m e n t s  and t h e s e  e x h i b i y e d  i d e n t i c a l  
c h a r a c t e r i s t i c s  t o  t h o s e  m e n t io n e d  b e f o r e .
T a b le  3
S h o w in g  t h e  d a i l y  d i v i s i o n  r a t e ,  a v e r a g e d  b y  f i v e - d a y  
p e r i o d s ,  o f  two F l i n e s ;  o n e ,  a  c o n t r o l ;  t h e  o t h e r ,  
a  s u p r a r e n a l  l i n e .
P e r i o d s IV V VI
D a t e s Mstrch 28  
t o  A p r i l  2
A p r i l
2 - 7
A p r i l
7 - 1 2 A v e r a g e
F ,  C o n t r o l 1 . 4 1 . 1 . 6 1 . 3 3  ^
S u p r a r e n a l  
L in e  SRF 1 . 6 1 . 2 1 . 4 1 , 4 0
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E z ^ e r im e n t  3 .
On March 2 7 ,  tw o  s i s t e r  l i n e s  w ere  s t a r t e d  from  
l i n e  F a: o n e ,  a  o o n t r o l ;  t h e  o t h e r ,  a  s u p r a r e n a l - f e d
l i n e .  T here  w ere no d i f f e r e n c e s  in  t h e  d i v i s i o n  r a t e ,  
a s  T a b le  3 i n d i c a t e s .  H ow ever , in  T a b le  2 ,  d i v i d e d
s l o w e r  th a n  i t s  c o n t r o l .  The v a r i a t i o n  b e tw e e n  th e  tw o  
s t r a i n s  may b e  a c c o u n t e d  f o r  b y  t h e  s u s c e p t i b i l i t i e s  
o f  e a c h  s t r a i n  t o  th e  medium o r  t h e  d i f f e r e n t  t y p e s  o f  
b a c t e r i a  w h ic h  w e r e  a cc o m m o d a tin g  t h e m s e l v e s  t o  t h e  
m e d ia .
S i n c e  no s t i m u l a t i o n  o c c u r r e d ,  i t  s e em s  c e r t a i n  
t h a t  horm on es p r e s e n t  h a v e  n o  e f f e c t s  upon t h e  o r g a n ­
i s m s .
T h ese  r e s u l t s  c h e c k  t h o s e  o f  N o w ik o f f ,  Shumway, and 
C ham bers ,
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g  al) l e  4
ShOvfirîg t h e  d i v i s i o n  r a t e  ,  a v e r a g e d  hy f i v e - d a y  p e r i o d s ,  
o f  f i v e  l i n e s  o f  Race E: t v o  c o n t r o l s ,  o n e ,  v h o le  p l -
t u i  t a r y - f e d  J trvo p o s t e r i o r  p i t u i t a r y - f e d  s o f  t?ro l i n e s  
o f  R ace Fe.* o n e ,  a  c o i i t i o l ;  th e  o t h e r ,  a  d e s i c c a t e d  
t h y r o i d —f e d *
P e r i o d s I I I
Avera^go Grou% 
Avorag
D a t e s A p r i l  
8  - 1 3
Apr 11  
1 3 - 1 8
C o n t r o l  
L in e  B i 1 . 2 1 . 2 1 . 2 1 . 2
C o n t r o l  
L in e  Fg 1 . 4 1 . 1 . 2 1 . 2
P o s t e r i o r  
P i t u i t a r y  
L in e  KPPy
. 8 1 . .9
-  1 . 1
V^Tiole P i t u i ­
t a r y  L in e
WPIfl
1 . 6 . 8 1 . 3
C o n t r o l  
L in e  Pa . 8 1 . .9
P o s t e r i o r
P i t u i t a r y
L in e  PPFa
1 . . 6 . 0 . 8
Eacperirrsent 4
Bporn. l i n e  on  A p r i l  6 ,  f i v e  l i n e s  v^ere s t a r t e d ;  
t v o  c o n t r o l s ,  t?7o d r i e d  p o s t e r i o r  p l t u i t a r y - f e d ,  en d  on e  
w h o le  p i t u i t a r y - f e d .  A t t h e  same t im e  two l i n e s  w e r e
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s t a r t e d  f r o n  l i n e  F on t h e  snmo d e y ;  on a  c o n t r o l  F a ,  
and t h e  o t h e r ,  d e s l o o e t c a  - o s  t e r i o r  p i t n . l t a r y - f e d .
The p o s t i e r i o r  p i t u i t a r y - f e d  l i n e s  g a v e  no i n d i ­
c a t i o n s  o f  a G c o lo r a to d  d i T i s l o n  r a t e ,  b u t  t h e i r  r e ­
g u l a r i t y  i s  a p p r e c i a b l e  b e c a u s e  t h e  FPEx c o n t r o l s  a v e r ­
a g e d  1 . 1  f i s s i o n s  p e r  d a y  v /h i le  t h e i r  e i s t o r  f e d  l i n e s  
a v e r a g o d  1 * 2 .  î î î s  Fa c o n t r o l  d i v i d e d  *9 t l i a e d a i l y  
a s  t h e  P fF a  l i n e  i?ent t h r o u g h  . 8  d i v i s i o n s  e a c h  d a y .  The 
o n l y  l i n e  1 oh d id  s l a c k e n  t o  any e x t e n t  was t h e  ZTTTx 
l i n e  w h ic h  f e l l  o f f  *3 fro m  th e  c o n t r o l .
T h ese  r e s u l t s  show t h a t  th e  o r g a n is m s  a r e  r e a c t i n g  
t o w a r d s  t h e  p o s t e r i o r  p i t u i t a r y  m e d ia  w i t h  l i t t l e  
v a r i a t i o n .
T h ese  p i t u i t a r y - f e d  l i n e s ,  when k e p t  a s  s t o c k  
c u l t i i r  s p e c im e n s  in  t h e i r  s l i d e s  fro m  21  t o  4 8  h o u r s ,  
d id  n o t  i n c r e a s e  i n  num bers end f i n a l l y  d i e d  o u t ,  w h i l e  
■üie o o Q t r o l s  w e r e  i n c r e a s i n g  d’o r i n g  t h e  sem e p e r i o d .
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g a b le  5
S h o w in g  t h e  d l T l s i o n  r a t e ,  a v e r a g e d  h y  f i v e - d a y  p e r i o d s ,  
o f  f o u r  F l i n e s ;  o n e ,  a  c o n t r o l ;  and t h r e e ,  d e s i c c a t e d
w h o le  p i t u i t a r y - f e d .
P e r i o d s I I I
A v er a g e Group
A v er a g e
D a t e s A p r i l  
8 -  1 3
A p r i l
1 3 - 1 8
C o n t r o l  
D in e F 1 . 6 1 . 2 1 . 4 1 . 4
D r ie d  Whole 
P i t u i t a r y  
D in e  WPFx
1 .& 18 1 . 2
D r ie d  Whole 
P i t u i t a r y  
D ine WPFy
1 . 8 1 . 2 1 . 5 1 . 3
D r ie d  Whole 
P i t u i t a r y  
D in e  WPFz
1 . 4 1 . 1 . 2
E x p e r im e n t  5
On A p r i l  7 ,  f o u r  l i n e s  w er e  s t a r t e d  fr o m  t h e  F .  r a c e ;  
o n e ,  c o n t r o l ;  t h r e e  g l a n d - f e d .
H ere a g a in  t h e  a c t i v i t y  o f  h orm ones a r e  n o t  a p p a r e n t  
"because t h e r e  w er e  no  i n d i c a t i o n s  o f  s t i m u l a t i o n .  The 
WPF l i n e s  a v e r a g e d  1 . 3  d i v i s i o n  d a i l y  w h i l e  th e  c o n t r o l s  
d i v i d e d  1 . 4  t im e s  e a c h  d a y .  The d i f f e r e n c e  i s  l e s s  th a n  
9%, m a k in g  i t  a lm o s t  i m p o s s i b l e  t o  a t t a c k  a n y  s i g n i f i c a n c e  
t o  t h e  d e c r e a s e .
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One i n t e r e s t i n g  f e a t u r e  o f  t h i s  e x p e r im e n t  Tras t h a t  
i n  p er io d l  I  a l l  l i n o s  \ i e r e  J l v i d l n g  a t  maximum sp e e d y  
%?hlle i n  p o r i o d  I I ,  a l l  slicr;v'<?d a s lo '.vor  r o t e #  T h is  i n d i -  
c a t e s  t h e  p h y s i o l o g l o n l  r e l a t i o n s h i p  o f  t h e  s i s t e r  l i n e s  
end  t h e  a p p a r e n t  i r t d l f f e r o n o e  o f  P a r a m e o la  t o  d i f f e r e n t  
m ed ia #
n o i f i k o f f ,  Shumway* G ham bers, and  W o o d ru ff  and S w in g le  
w orked .vt th  d e s i o e a t e d  w h o le  h y p o p h y s i s  and o n l y  th e  l a s t  
t.TO o b t a in e d  an y  n o t i c o a h l ©  in o r e a a e  in  t h e  d i v i s i o n  r a t e  # 
T il ls  may p e r h a o s  he due t o  t h e  b a s i c  medium u s e d  hy  
W o o d ru ff  and S w i n g l e ,  h e c e u s e  t h e y  u s e d  h o e f  e x t r a c t , w h i l e  
th e  o t h e r s  u s e d  h a y  i n f u s i o n #
T ab le  6
S h o w in g  t h e  oom bined  d i v i s i o n  r a t e d ,  e v e r a g e d  by f i v e - d a y  
p e r i o d s ,  o f  d e s i c c a t e d  p o s t e r i o r  p i t u i t a r y ,  d r i e d  w h o le  
p i t u i t a r y ,  and c o n t r o l  l i n e s  in  E x p e r im e n t s  4  and 5#
Ô
C o n t r o l s W hole P i t u i t a r y P o s t e r i o r  P i r u i t a r y
1 » 4 #D . 3
1 #B 1 . 2 . 9
1 # 2 1 * 2 1 # 3
. 9 1#5
A R .
1 #TV.............. 1 .^ Ï#
E x p e r im e n t  6  
S i n c e  a l l  l i n e s  i n  E x p e r im e n t s  4  and 5 w e r e  fr<m  
s i s t e r  c e l l s .  T a b le  6  w i l l  g i v e  a  s u g g e s t i o n  o f  th e  r a n k  
o f  t h e  g la n d s *  e f f e c t s #  P o s t e r i o r  p i t u i t a r y  l i n e s  d i -
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v i â c d  1  t r i f l e  s l o w e r  t h a ï  t h e  c o n t r o l s *  w h i l e  t h e  w h o le  
p i t u i t a r y  l i n e s  show ed n o  i n  l i c . i t i o n  oi' s t i m u l a t i o n *  The 
r e l a t i o n s h i p  h e r o  i s  o lr a o s t  i d e n t l c . i l  w i t h  th e  s..-aae l i n e s  
i n  T a b le  2 w here  t h e  p o s t e r i o r  p i t u i t a r y  d i v i d e d  * 8  t i m e s  
d a l l y  w h i l e  t h e  c o n t r o l  and  w h o le  p i t u i t a r y  l i n e s  d i v i d e d  
1 * 0 6  and 1 . 0 c t im e s  d a i l y .
C e r t a i n l y  t h e  p i t u i t a r y  e l e m e n t s  se em  t o  h a v e  n o  
s t i m u l a t i v e  p o w e r s  a s  f a r  ai: P trram eoinn a r e  c o n c e r n e d .  
S t o c k  c u l t u r e  l i n e s  do n o  . h o ld  up n e o r l ^  a s  w e l l  a s  
c o n t r o l s  o r  e x t r a c t  l i n e s .
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P a r t  XI 
le -rperim anta  w i t h  QXaad K a c tra c ts
T a b le  y
Sbowla^S t h e  d a l l y  d i v i s i o n  r a t e ;  a v o r a s e d  b y  f l r Q - d a y  p e r i ­
o d s ,  o f  s e v e n  l i n e s  o f  H aoe F ,  t h r o e  c o n t r o l s ,  f o u r  p o s t e r ­
i o r  p i t u i t a r y  e x t x ^ e t ;  a n d  tw o  l i n e s  o f  Haoe o n e  a  c o n ­
t r o l ,  o n e  a  p o s t e r i o r  p i t u i  t a r y - f e d  l i n o .
' f  i'élr'iô'd ' 1
Î t Â è x ï ï Z A p ril s •ipHT « Average s o f  each Î
Î Date f 14-19 I ..1,9-24. Î 24-29 Î Î Group ., ♦
1 C ontrol I i Î : Î :
f Line Fa : 1 .0 * ! .. "0 .... t 1 .0 t .88 Î :
: C ontrol t t s i I *»
t .._..._Une Fy t 1 .0 * Î 1 .2 Î 1*̂ 2-.̂ .., i 1 .1 1 t .92 :
« C ontrol 1 I Î ; : :
: Lino Fa i 1 .0 * ! .8 Î .8 Î *8 Î :
t i:x tr a c t s i s 2 : *
I P o s te r io r z : Î t : I
s P itu ita r y s 1 .3 3 ; 1 .4 Î .4 Î 1 .0 3 Î 1
Î - L ine Fl : : 3 t : Ï
: E xtract 3 ; 1 : I
I P o s te r io r 3 1 % I : %
I P itu ita r y : 1 1 .0 Î 1 .4 s 1 .2 Î :
t l i n e  PPPx : Î I Î Î :
z E x tra ct s 1 : I t .98 Î
i P o s te r io r % 3 % : :
t P itu ita r y : 3 .8 3 *6 # .7 :
: Line FPFv s « : i Ï s
t E xtract : I : I : I
! P o s te r io r : I s t ; Î
i P itu ita r y Î t 1 .4 i »a i 1 .0 ! :
J Line PPFz f Î Î Î Î J3 icxtract 1 1 s ! : ;
I P o s te r io r Î t J : : 2
t P itu ita r y Î 1 .3 3 I 1 .2 Î .3 % 1 .1 1 t 1 .1 1 I
I  , Line I 'P iu I 3 •4 Î ; Î
s C on iro l : t : : t i
Î Line T'I î̂i .1.. 1 .2 : 1*2 t .8 * 1 .0 4 1 .0 t
* A v e r a g e  o f  PPF c o n t r o l ,  frosa  w h ic h  c o n t r o l  l i n e s  F x ,  F y ,  
F a ,  a n d  e x t r a c t  l i n e s  F x , F y ,  a n d  Fa w ere  ta lcen#
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On A p r i l  15^ f.ya nu./ iix.Ci: o f  Itaoo F v/ore s t a r t e d :  
o n e ,  a  c o n t r o l ;  th o  o t h e r ,  a  p o s t o r i o r  p l t a i t a r y  e x t r a c t ;  
and a l s o  iv/o new l i n e s  fro m  F a ce  K; o n o ,  a  c o n t r o l ;  t h e  
o t h e r ,  l i q u i d  p o s t e r i o r  p i t u i t a r y  e x t r a c t #  T h ese  w e r e  
o o n t t n u e d  d a r i n g  p e r i o d  I  and on A p r i l  1 8 ,  from  t h e  P ? f  
c o n t r o l  a n J  s t o c k  o u l t o r e  o f  A p r i l  1 6 ,  s i x  new  l i n e s  ;?ere  
s t a r t e d ;  t h r e e ,  c o n t r o l s ;  t h r e e ,  p o s t e r i o r  p i t u i t a r y  
e x t r a c t .
The r e s u l t s  s h o w t h a t  s l i g h t  s t i m u l a t i o n  o c c u r r e d  
w h ic h  W3 3  n o t  a c c e n t u a t e d  '.vnough t o  he c o n s i d e r e d  s e r i o u s ­
l y  h o c a u s e  o f  t h e  c h a n c e  o f  e r r o r .  The FPF l i n e s  a v e r a g e d  
• 98  d i v i s i o n s  d a i l y ,  w h i l e  t h e  c o n t r o l s  d i v i d e d  #92  
tim cw e a c h  day and th e  c o n t r o l  a v e r a g e d  1 . 0 ,  w h i l e
t h e  PPN2_ l i n s  d i v i d e d  1 . 1 1  t im o s  d a l l y .
B a l l  ( 1 9 £ 5 )  fo u n d  t h a t  f r e s h  p o s t e r i o r  p i t u i t a r y  
e x t r a c t  w o u ld  c o t x s c  o v e r  tw&ce t h e  i n c r e a s e  i n  t h e  
d i v i s i o n  r a t e  t h a t  t h e  Armour e x t r a c t  w o u ld .  The h ig  
d i f f e r e n c e  may he t h a t  f r e s h  p o s t e r i o r  p i t u i t a r y  c o n ­
t a i n e d  m ore fo o d  m a t e r i a l  f o r  the param eoiu m  o r  h o o t e r i s #
O b s e r v a t i o n s  w ere  made o i  >he t w e n t y - f o u r  h o u r  o ld  
c u l t u r e  m e d ia  s o  a s  t o  coinpnre them  w i t h  t h e  d r i e d  g la n d  
m ed ia  o r  c o n t r o l  m edium . Ho j n d i c o t l o n s  o f  c o n g e s t i o n  
o r  e x tr e m e  c l o u d i n e s s  w ere  a p p a r e n t .  T h is  w as p r o b a b ly  
d u e  t o  s l o w e r  b a c t e r i a l  g r o w t h .  The a p p e a r a n c e  o f  th e  co n -
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t r o l  d l l â e s  waa t o  fh t  o f  t h e  e x t r a c t  s l i d e s ,
8
S h o w in g  t h e  d i l l y  d i v l B l o n  r a t e ,  a r s r a g e d  hy flT O -d& y  
p e r i o d s »  o f  e i g h t  l i n e s  o f  R a c e  F; t h r e e ,  c o n t r ô l a  
<Bone ? c o n t r o l s  a s  in  I l x y e r l n c n t  7 ) ;  f i v e ,  e p in e p h r ln -  
fe<3^
F e r i o d s 1 2 3 A v er a g e Group
A v er a g e
D a te s A p r i l
1 4 —19
A p r i l
1 3 - 2 4
A r r i l
2 4 - 2 9
Tîire©
C o n t r o l s
A v o r sg c d
1 *0 * , 8 1 . 0 . 9 3 . 9 3
E p in c p h r in
F p F i 1 . 2 *G . 0 *85
F p l n e p h r in  
L in e  ËpFg 1 . 2 1 . 2 . 8 1 . 0 6
F p in 's p h r in  
L in e  F p J x #4 , 5 .9 0 3
E n in o ^ ih r in  
L in e  EnFy 1 . 0 1 . 2 1 . 1
1 . 0 1 . 0 1 , 0
E x p e r l im n t  8
From R ace  F on A p r i l  12» l.vo l i n e s  b e s i d e s  t h e  Z&F 
c o n t r o l  (E x p e r im e n t  7 )  w ere  s t a r t e d »  b o t h  b e i n g  f e d  e p i n e -  
p h r ln  e x t r a c t *  On A p r i l  13» from  t h e  A p r i l  1 1  s t o c k  
c u l t u r e  o f  t h e  PPF o o n t r o l  l i n e »  t h r e e  more e p l n e p h r l n -  
fed l i n e s  wore b e g a n .  The a v e r a g e  o f  th e  c o n t r o l s »  on e  
l i n e  d a r i n g  t h e  f i r s t  p e r i o d  and t h r e e  d u r in g  t h e  l a s t  two»
♦ A v e r a g e  o f  FPF o o n t r o l »  fr o m  w h ic h  c o n t r o l  l i n e s  Px» Py 
F z ,  and e x t r a c t  l i n e s  Fx» Fy» and Fz w er e  t a k e n .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
- 2 5 .
w e r e  c o n p a r a d  w i t h  f i v a  e p i n e  h r i n - f e d  l i n e s ,  t h r e e  o f  
w h io h  w .r e  c a r r i e d  o n l y  d u r in g  t h e  l a s t  two p e r i o d s  fr o m  
A p r i l  1 3 -E 9*  The c o n p a r id o n  m s  a s  x 'o llo '/fs j  oon t r o i s ,  
* 9 3  d l .T i ‘ i o n s  d a l l y *  e ' r t r a e t - f e d  l i n e s ,  . 9 0 3  f  I s s  lOi.s 
p e r  d a y .
I t  i s  t o  be o b s e r v e d  t b n t  t h e r e  i s  h a r d l y  a n y  d i f f e r *  
e n o o  0 0 tw e en  t h e  a v e r a g e d  d i v i s i o n  r a t e s  and that a p t n e -  
p h r i i i  htio n o  e X f o c t  on t h e  d i v i s i o n  r a t e .
S o  work h a s  b e e n  d one v r ith  o p i i i e n h r in  on Par.naeal-am  
e x c e p t  b y  F l a  t h e  r  (1 3 1 9  who f  oimd t h  i t  i t  I n c r e a s e d  t h e  
e x c r e t o r y  p r o d ' i c t io n  o f  t h e  o o n t r a c t i l o  v a c u o l c c .  I f  
t h e r e  w as any I n c r e a s e  o f  e r o r e t o r y  p r o d i î c t e .  I t  .wac n o t  
n o t i c e a b l e  b e c a u s e  my l i n e s  o f  e p l n e p h r l n  l a - t e d  a s  l o n g  
i n  s t o c k  c u l t u r e s  a s  o t h e r  e % t r a c t - f e d  on es*
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Ta~ble 9
S h o w in g  t h e  d i v i s i o n  r a t e ,  a v e r a g e d  b y  f i v e - d a y  p e r i o d s ,  
o f  l i n e s  o f  R ace F and R; t h r e e  o f  F l i n e s ,  o n e ,  t h e  RPF 
c o n t r o l  w h i c h  w a s  s u b d i v i d e d  i n t o  t h r e e  c o n t r o l s  on A p r i l  
1 9 ,  and  two w h o le  p i t u i t a r y  e x t r a c t ;  tw o ,  R l i n e s ;  o n e ,
9 . c o n t r o l ;  and o n e ,  c o r p u s  lu te tu n  e x t r a c t .
P e r i o d s I I I I I I A v e r a g e Group
D a t e s A p r i l
1 3 - 1 8
A p r i l
1 8 - 2 3
A p r i l
2 3 -2 8
A v e r a g e
C o n t r o l  
L in e  PPF 1 . 0 . 9 3 1 . 0 .9 7 197
Whole
P i t u i t a r y
E x t r a c t  
L in e  WPF^
1 . 0 . 8 . 8 . 8 6
P i t u i t a r y  
E x t r a c t  
L in e  WPFg
16 . 8 . 8 . 7 6
# 0  JL
C o n t r o l
L in e 1 . 0 1 . 2 . 8 1 . 0 1 . 0
E x t r a c t  
C orp us  
L uteum  L ine  
OLN]^
. 6 . 6 . 8 • 6 6 . 6 6
E x p e r im e n t  9
The PPF c o n t r o l s  h a v e  b e e n  d e s c r ib e d  in  E x p e r im e n ts  
7 and 8 .  H o w ev er , t h e  two w h o le  p i t u i t a r y  e x t r a c t  l i n e s  
w e r e  b egu n  on A p r i l  13 from  th e  F . r a c e .  The GLH l i n e  and
c o n t r o l  w er e  s i s t e r  l i n e s  o f  Wj P̂P and c o n t r o l  m e n t io n e d  
i n  E x p e r im e n t  7 .
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ïîaô  w h o le  p i t u i t a r y *  -Æ lo h  i s  a  o o m h ln a t io n  o f  n i n e  
p a r t s  o f  a a t o r t o r  p i t u i t *  c j  ( o t.vo p s r t o  o f  p o s t e r i o r  
p i t u i t a r y  o K t r i o t *  p rod uu eu  a î^ iT lc io n  r ^ t e  v /h ioh
may h a v e  he eu duo t o  t h e  a O T in te r a c t ien  o f  t h e  e x t r a c t  
p a r t s  ■beoausG p o s t e r i o r  p i t u i t a r y  i s  n e u t r a l *  w h i l e  in  
E x p e r im e n t  10 a n t e r i o r  p i t  n i t - r y  i a  l e t h a l *
C orpus lu te u m  h in d e r e d  th-’̂ d i v i s i o n  r a t e  ev en  m ors  
t h e n  ^'bolo p i t u i t a r y *  A h d e r h o ld e n  and S c h i f f n ie n ( 1 0 Ü 3 ) 
foun d  t h a t  d e s i c c a t e d  c o r p u s  l i i t e m  urould d e c r e a s e  th e  
f i s s i o n  r a t e .
il iah le  10
e x t r a c t  l i n e  an»: an Fj  ̂ c o n t r o l  fro m  A p r i l  1 3 -1 9 *
A n t e r i o r  l i t u i t a r y F p O o n tro l
A p r i l  1 3 - 1 9 1  d i v i s i o n 2  d i v i s i o n s
5 do a t h s n o d e a t h s
■ . . I . . . . . . . . . . . . . . . . . . . . . . . . .  m f - _ _ _ _ _ _ _ _ _ _ _ :
hz.p erim cn  t  1 0  
T h i s  i s  a  b r i e f  e x p e r im e n t  t h  a n t e r i o r  p i t u i t a r y  
e x t r a c t  (Armour end C om pany)* Frcci t h e  s t r a i n  on 
A p r i l  1 3  ir^70 l i n e s ;  o n e ,  a  c o n t r o l ,  o n e ,  an a n t e r i o r  
p i t u i t a r y  e x t r a c t  l i n e ,  w ere  s t a r t e d *  A n t e r i o r  p i t u i ­
t a r y  e x t r a c t  s h o v e d  l e t h a l  e f f e c t s ,  w h ich  J o e s  n o t  seem  t o  
be t r u e  o f  f r o s h  g-3and ( B a l l ,  1 9 2 5 ) *  I  d o u b t  w h e th e r  
t h e  horm one c o u ld  h a v e  s u c h  a  d e s t r u e t l v e  e f f e c t .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
.3 9 -
2.‘n s ■3p5'Cljn3uÜc ci-GîüGci vür^  s iû a ll  o.Dd wsr©
h ea v ily  gr&ùülGtGd cfJ uedluzi cfTed to
Iæ o l 0 Mr4 v/it]i no iijdie.itio.n o f ooiigeutloo. 2he- control 
divided V61V slo.7ly but did noL die out. A ll m o r ta lit ie s  
in UiG o:^traot lin o  .v. ro rnplcocd by ne.v Gpeolnr nm from
t h e  ? .  â t o e | :  c a l  t a r e ,
P ô x t  n  r
Z%perii3unt I I  
B o c t s r i r - l  O ou nts  o f  M ed ia
îîo T7ork h a s  b e e n  ao iio  to  a s c e r t a i n  t i e  nrij^nor o f  
V e u i t e r l f .  p r c E s i . t  ir. a c y  ty p o  o f  o o a i a .  In  t h i n  e z p e r l -  
maric t h e  b a o t s r l a l  e a t l m a t e . .  o f  t h r e e  c l n s r . e s  o f  m e d ia  
030(5 i n  t o e  f i r w t  t e n  03rperlTr\enta w e r e  m ade# T h e se  
o la E c o s  -.70re  o o n t r o l ,  d o s l o o a t o i  g l a n d .  :,nd e x t r a c t  
m e d ia ,  H-mdred m i l l i o n t h  nnd h - l l l i o n t h  d i l u t i o n s  w e r e  
made Of e a c h  l 7 > e .
The r e .v t t l t s  h to .v  t h a t  t h e  t w e n t y —f o a r  h o u r  o l d  
d s s l o o a t e d  g la n d  m e d ia  h :.tg a much h i g h e r  he o t e  r i a l  
o o u n t  th a n  t h e  c o n t r o l s  o r  l i q u i d  e x t r a a t o .  The c o n t r o l s  
a v e r a g e  h i g h e r  th a n  t h e  l i q u i d  e m t r n o t s .
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TaTble 11
S h o w in g  t h e  e s t i ü ' a t e e  o f  t h e  num her o f  h a c t e r i a  i n  l / l O  oo, 
o f  m e d ia  when p l a t e d  in  1 - 1 0 0 , 0 0 0 , 0 0 0  o r  1 - 1 , 0 0 0 , 0 0 0 , 0 0 0  
d i l u t i o n s .
N o . Of 
P l a t e s l / l O  o f
Number o f  B a c t e r i a  
per l / l O  CO.
15 C o n t r o l  h e e f  e x t r a c t 6 - 3 0  b i l l i o n
15 L iq u id  g la n d  e x t r a c t 3 0 0 - 9 0 0  m i l l i o n
2 0 D e s i c c a t e d  g la n d  m e d ia 3 0 - i n d e f i n i t e  b i l l i o n
T h ese  r e s u l t s  a r e  i m p o r t a n t .  When com pared w i t h  
t h e  d i v i s i o n  f i g u r e s  o f  t h e  g r o u p s ,  t h e y  h e l p  t o  
c l a r i f y  c e r t a i n  phenom ena w h .c h  w i l l  h e  e x p l a i n e d  in  t h e  
g e n e r a l  d i s c u s s i o n .
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GSEfERAL DISCUSSION
I h e  r e l a t i o n s h i p  o f  t h e  t h y r o i d  g la n d  t o  Mammalia i s  
w e l l  r e c o g n i z e d  h e c a u s e  o f  i t s  a s s o c i a t e d  p a t h o l o g i c a l  
e f f e c t s  ; and t o  A m p h ib ia n s . b e c a u s e  o f  t h e  re m a n k a b le  
s t i m u l a t i o n  o f  t h e  d e v e lo p m e n t .  On t h e  o t h e r  h a n d ,  c e r t a i n  
o t h e r  v e r t e b r a t e d  a r e  u n a f f e c t e d ,  Remy ( 1 9 8 2 )  and Mason  
( 1 9 2 3 )  w e r e  u n a b le  t o  a c c e l e r a t e  t h e  m e ta m o r p h o se s  t o  
p r e tr o m y z o n  l a r v a e  w i t h  i t .  A l s o ,  i n v e r t e b r a t e s  w h ic h  do 
n o t  h a v e  h o m o lo g o u s  o r  a n a lo g o u s  s t r u c t u r e s ,  a r e  u n ­
a f f e c t e d  b y  i t s  a d m i n i s t r a t i o n ,  a s  E u n k e l  ( 1 9 0 8 )  and  
Zohn ( 1 9 2 1 )  fo u n d  w i t h  i n s e c t s .  W ulzen (1 9 2 3 )  i n d i c a t e d  
t h a t  t h y r o i d  w o u ld  n o t  i n c r e a s e  t h e  c e l l  d i v i s i o n  r a t e  
o r  t h e  g r o w th  o f  P l a n a r i a .
Champy ( 1 9 2 5 )  e s t a b l i s h e d  t h e  f a c t  t h a t  t h e  i n c r e a s e  
i n  m a t a b o l i c  a c t i v i t y  i n  t h y r o i d - f e d  t a d p o l e s  i s  s e l e c t i v e ;  
t h a t  i s ,  o n l y  c e r t a i n  p o r t i o n s  o f  t h e  b o d y  sh o w in g  i n c r e a s e d  
c e l l  d i v i s i o n .  O th e r  e n d o c r i n e  g l a n d s  h a v e  b een  foun d  
t o  b e  e q u a l l y  s e l e c t i v e .  ( V i n c e n t , 1 9 2 5 )
B e c a u s e  o f  t h e  e x t e n s i v e  w ork  done w i t h  t h y r o i d  
and o t h e r  g l a n d s  d u r in g  t h e  l a s t  f i f t y  y e a r s ,  i t  was o n l y  
n a t u r a l  f o r  N o w i k o f f , B u d d in g to n  and H a r v e y ,  and 
Shumway t o  t r y  e n d o c r i n e  g l a n d s  on t h e  s i m p l e s t  form  o f  
a n im a l  l i f e ,  t h e  p r o t o z o a n s .  T h is  w ould b e  e a s y  t o  f o l l o w ,  
b e c a u s e  t h e s e  u n i c e l l u l a r  a n im a l s  a r e  n o t  h ard  t o  w a tc h  o r  
h a n d le  and t h e i r  d i v i s i o n  r a t e  i s  an i n d e x  o f  t h e i r
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m e t a b o l i o  a c t i v i t y ,  t h u s  m a k in g  p h y s i o l o g i c a l  e x p e r im e n t s  
e a s y *  S i n c e  t h e - e  men w er e  l o o k i n g  o n l y  f o r  e f f e c t s ,  t h e  
i n c r e a s e d  d i v i s i o n  r a t e  c a u s e d  them  t o  c o n c lu d e  t h a t  
h o rm o n es  w ere s t i m u l a t i n g  t h e  a c t i v i t y  o f  t h e  a n im a ls *
Soon a f t e r w a r d s ,  o t h e r  e x p e r i m e n t e r s ,  w orked  on  
t h i s  q u e s t i o n  and c o n c lu d e d  t h a t  h orm on es d id  n o t  a f f e c t  
t h e  o r g a n i s m s ,  h u t  t h a t  a  m ore f a v o r a h l e  f o o d  s u p p l y  
e x c i t e d  t h e  d i v i s i o n  r a t e .  W o o d ru ff  and S w in g le  (1 9 E 3 )  
t r i e d  t h y r o x i n  on Param ecium  and o b t a i n e d  n e g a t i ; e  r e ­
s u l t s *  H o w e v e r ,  t h e i r  w ork  c a n  he c r i t i c i z e d  b e c a u s e  
t h e y  s a i d  t h a t  *0044% and *0066'/v HaOH w ould d i s s o l v e  t h y ­
r o x i n  and t h e y  ad d ed  t h a t  am ount o f  MaOH t o  a  l i t e r  o f  
b e e f  e x t r a c t ,  ? h i o h  i s  n o t  w a te r  and w h ic h  b y  b u f f e r  a c t i o n  
w i l l  h o l d  up t h e  b a s i c  P h .  o f  * 0 0 4 4 ^  o r  * o o 6 6 ja HaOH t o  a  
Ph* r a n g e  a d a p t a b l e  t o  l i v i n g  P a ra m ec iu m * Ho t e s t s  w ere  
made t o  s e e  i f  t h e  t h y r o x i n  was d i s s o l v e d *  T h e r e f o r e ,  d id  
t h y r o x i n  d i s s o l v e  i t ?
H o w e v e r ,  t h e y  n o t i c e d  t h a t  b e e f  h y p o p h y s i s  and m u s c le -  
f e d  l i n e s  w ould  h a v e  a s  r a p id  a  d i v i s i o n  r a t e  a s  t h y r o i d -  
f e d  l i n e s *  C e r t a i n l y ,  i f  p i e  a in  m u s c le s  c a n  s t i m u l â t A t h e  
d i v i s i o n  r a t e  a s  w e l l ] a s  t h y r o i d ,  i t  m ust be t h e  fo o d  
v a l u e  r a t h e r  th a n  t h e  horm one w h ic h  c a u s e s  t h e  i n c r e a s e *  
T h e y  m a i n t a i n e d  som ew hat a s  f o l l o w s ;  t h a t  s i n c e  t h y r o x i n  
d id  n o t  s t i m u l a t e  t h e  d i v i s i o n  r a t e ,  i t  m u s t  b e  t h a t  d e s i ­
c c a t e d  o r  f r e s h  t h y r o i d  i s  b e t t e r  f o o d  medium* B a l l ( 1 9 2 5 )
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oame t o  th e  ssiae  c o n c l u e  io n  i n  a  d i f f e r e n t  w ay and n o  
c r i t i o i s m  ca n  he made e x c e p t  t h « t  h e  d id  n o t  make c o u n t s  
n o r  e s t i m a t e s  o f  t h e  h a c t e r i a *  H ow ever* b y  co m p a r in g  
c o n t r o l l e d  and u n c o n t r o l l e d  b a c t e r i a l  f l o r a  e x p e r i m e n t s  
h e  showed t h a t  t h y r o i d  o n l y  a d d s  t o  t h e  m e d ia  fo o d  v a lu e *
H o w ik o f f  ( 1 9 0 8 ) *  B u d d in g to n  and  H a r v e y  ( 1 9 1 5 ) ,  and 
ShuimTay ( 1 9 1 7 )  e i t h e r  c o n c lu d e d  d e f i n i t e l y  or  h i n t e d  t h a t  
h o rm o n es  c a u s e d  t h e  s t i m u l a t i o n  ox d i v i s i o n  r a t e  o r  t h e  
i n c r e a s e  in  num bers*  I t  i s  u n r e a s o n a b l e  t o  c o n c lu d e  
t h a t  h o rm o n es  w e r e  t h e  c a u s e  o f  t h e  i n c r e a s e  m e r e ly  b e ­
c a u s e  t h e  g la n d —f e d  l i n e s  m a n i f e s t e d  g r e a t e r  a c t i v i t y  th a n  
t h e  c o n t r o l s .  In  s o  d o in g *  t h e y  m u st  h a v e  f o r g o t t e n  t h a t  
t h e  r e a l  e f f e c t s  o f  t h e  t h y r o i d  o r  o t h e r  g l a n d s  a r e  s e ­
l e c t i v e  i n  h i g h e r  f o m s ;  w h i l e  i n v e r t e b r a t e s  and p r o t o ­
z o a n s *  w h ic h  do n o t  h a v e  h o m o lo g o u s  s t r u c t u r e s ,  are  
(and  I n c i d e n t a l l y  s h o u ld  b e )  u n r e s p o n s i v e  t o  t h e s e  o s -  
^ a n â s*  I f  Charr^y fo u n d  t h a t  t h y r o i d  had  s e l e c t i v e  e f f e c t s  
on t a d p o l e s  and W ulzen  d i s c o v e r e d  t h a t  P l a n a r i a  w e r e  u n ­
r e s p o n s i v e *  w hy s h o u ld  p r o t o z o a n s  r e a c t  when t h e y  h a v e  
n o t h i n g  i n  common?
E x p e r im e n t s  o n e  and two ( T a b le  1 and T a b le  2 }  i n d i ­
c a t e  th  i t  t h e  t h y r o i d - f e d  l i n e s  a r e  much s lo w e r  th a n  
t h e  c o n t r o l s .  I t  i s  c o n t r a r y  t o  t h e  r e s u l t s  o f  e v e r y  
w o r k e r  ,  w h e t h e r  t h e y  u s e d  d e s i c c a t e d  o r  f r e s h  g l a n d .
The r e s u l t s  w i t h  t h e  o t h e r  g l a n d s  a r e  m ore c o n s i s t e n t  w i t h
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t h o s e  o f  o t h e r  x v o rk er s .
E x p e r lm e z it  11  m a s t  h e  g i v e n  som e s i g n  I f  lo a n  oe  h e -  
o a u s e  i t  i s  a  ne.? d e p a r t  o r e  In  ü i l s  w o r k .  W o o d ru ff  aaad 
S w i n g le  and B a l l  u s e d  t h e  t e r m s  "more f a v o r a b l e  fo o d  
m ed ia "  b e c a u s e  t h e y  t h o u g h t  and a t t e m p t e d  t o  ^ o w  t h a t  
s t i m u l a t i o n  oama fro m  t h s t  s o u r c e .  H ow ever , t h e y  d id  a t i t  
g o  f a r  en o u g h  b e c a u s e  n o  a t t e m p t s  w er e  made t o  m ea su re  
t h e  b a c t e r i a l  fo o d  s u p p l y  l a  t h e  d i f f e r e n t  c l a s s e s  o f  
m ed ia *
X w as u n a b le  t o  d i f f e r e n t i a t e  t h e  v a r i a t i o n  i n  t h e  
fo o d  siQ>i l y  o f  e a c h  g la n d  m edium , b u t  I  a t t e m p te d  t o  f i n d  
o u t  t h e  r a t i o  b e tw e e n  t h e  t h r e e  g e n e r a l  t y p e s :  d e s i c c a t e d
g l a n d ,  e x t r a c t ,  and c o n t r o l  m e d ia .
In  my e x p e r i m e n t s ,  t h e  t a b l e s  whow t h a t  when t h e  d i v i ­
s i o n  r a t e s  o f  t h e  v a r i o u s  c l a s s e s  o f  m e d ia  a r e  com pared  
w i t h  t h e  e s t i m a t e s  o f  b a c t e r i a  f o r  e a c h  c l a s s  t h e  I n c r e a s e  
in  d i v i s i o n  r a t e  i s  n o t  i n f l u e n c e d  p r o p o r t i o n a t e l y  b y  t h e  
i n c r e a s e d  num ber o f  b a c t e r i a  a s  C u t l e r  and Crump ( 1 9 2 3 )  
sh o w e d . In  eome  c a s e s  t h e  l a r g e r  n u m b ers  c a u s e d  d e p r e s s i o n  
o r  d e a t h  b e f o r e  t iv e n ty —f o u r  h o u r s ,  a s  i n  th e  d e s i c c a t e d  
t h y r o i d - f e d  l i n e s ,  w h i l e  in  o t h e r s  t h e  H aram eoia  w e r e  u n ­
a f f e c t e d  a t  f i r s t *  H o w ev e r ,  w h i l e  no s t i m u l a t i o n  
o c c u r r e d  in  a n y  l i n e ,  t h e  c o n t r o l s  and e x t r a c t - f e d  l i n e s  
had h i g h e r  d i v i s i o n  r a t e s  a l t h o u g h  t h e  b a c t e r i a  l . e s t i m ­
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a t e 8  w e r e  l o w e r .  E n r i q u e s  ( 1 9 0 3 )  i n â l o a t e d  tha  t  b a c t e r i a  
i n  u n u s u a l  n u m b ers  and b a c t e r i a l  p r o d u c t s  w i l l  h a v e  v e r y  
bad e f f e c t s  on I n f u s i o n ,  and t h a t  an o r g a n is m  may l i v e  and  
m u l t i p l y  w e l l  when t h e  b a c t e r i a  e x i s t  i n  m o d e r a te  quan­
t i t i e s .  T h i s  b e a r  13 o u t  my r e s u l t s .
E n r iq u e  com m ented on b y - p r o d u c t s  a s  b e in g  on e  faotcar  
w h ic h  c a u s e s  d e p r e s s i o n .  My o b s e r v a t i o n  on s t o c k  c u l t u r e s  
sh ow s t h i s .  The d u r a t i o n  o f  t i ;  e  w h ic h  Param ecium  w i l l  
l i v e  i n  a  o n e -  t o  f o u r - d a y - o l d  s t o c k  s l i d e  o f  u nch an ged  
m edium i s  I m p o r t a n t ,  b e c a u s e  d e s i c c a t e d  g l a n d - f e d  l i n e s  
w i l l  e i t h e r  d i e  o u t  w i t h i n  tv o  o r  t h r e e  d a y s  o r  w i l l  n o t  
i n c r e a s e  in  num bers a s  t h e  e x t r a c t  o r  o o n t r o l  l i n e s .
The f a c t  t h  t  t h e y  d i e  o u t  so  r a p i d l y  a f t e r  t w e n t y - f o u r  
h o u r s  c h a n g e ,  a l t h o u g h  t h e y  may h a v e  d i v i d e d  6 n e  o r  two  
t i m e s  b e f o r e  t h a t ,  sh o w s t h a t  t h e  d e s i c c a t e d  g l a n d s  w ere  
com p osed  o f  m a t e r i a l s  ?Ailoh c a u s e d  e x tr e m e  b a c t e r i a l  
g r o w t h .  The d i f f e r e n c e  i n  t h e  d i v i s i o n  r a t e  o f  t h e  
v a r i o u s  l i n e s  i s  due t o  e i t h e r  t h e  k in d  o f  b a c t e r i a  p r e ­
s e n t  o r  t h e  s o r t  o f  b y - p r o d u c t s  b e in g  f o r m e d .
The u s e  o f  d i f f e r e n t  k i n d s  o f  b a s i c  m ed ia , may h e l p  
a c c o u n t  f o r  t h e  d i v e r s e  r e s u l t s  in  t h e  c o m p a r a t iv e  
f i g u r e s  o f  a l l  w o r k e r s .  W o o d ru ff  and S w in g le  ( 1 9 2 4 )  
u s e d  b e e f  e x t r a c t  w h i l e  t h e  o t h e r s ,  e x c e p t  U o w ik o f f  who 
e m p lo y e d  d i s t i l l e d  w a t e r  o r  , 5 ^  e g g  m e d ia ,  u s e d  h ay  i n ­
f u s i o n .  In  1 9 1 1  W o o d ru ff  and B a i t s e l l  d e m o n s t r a t e d  t h a t  
b e e f  e x t r a c t  w a s  b e t t e r  th a n  h a y  i n f u s i o n  i n  k  e p i n g  
t h e  fa m o u s  P aram ecium  s u r e l i a  s t r a i n  ^ o i n g .  I f  t h i s
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l a  t r t i e  t h e r e  m iict h e  d i f f e r e n c e s  l a  t h e  c o m p o s i t i o n  o f  t h e  
m e d ia  a h l o h  w o u ld  i n f l u e n c e  t h e  n sro m ec iu m  d i r e c t l y  or  
c a u s e  d i f f e r e n t  t y p e s  o f  h a c t e r i a  t o  d e v e l o p ,  w h ic h  may 
o r  may n o t  h e  h e n o f l o l s l  t o  param eoln m  m e t a h o l i s m ,  a s  
E a r g l t t  and F r a y  ( 1 9 1 7 ) ,  P h i l l i p s  ( | 9 1 9 )  and  l u c k  ,  
S h e e t s ,  and Lhirray ( 1 9 3 1 )  h a v e  i l l u s t r a t e d .  C e r t a i n l y ,  
i f  d i f f e r e n t  h a s i c  m e d ia  a ro  u s e d ,  t h e  r e s u l t s  w ould  
h a v e  n o  r e a s o n  t o  c h e c k .
A l l  w o r k e r s  e x c e p t  C o r l  ( 1 9 2 3 )  h a n d le d  t h e  d e s i c c a t e d  
m a t e r i a l  in  t h e  same m anner a s  I  d i d ,  C o r i  u s e d  t h e  
s u p e r n a t a n t  f l u i d  a f t e r  a  w e l l  sh a k e n  s u s p e n s i o n  o f  
d r i e d  g la n d  had  s e t t l e d  t o  t h e  b o t t o m  o f  t h e  c o n t a i n e r .
E ven  h e  g o t  p o s i t i v e  r e s u l t s .  H o w e v e r ,  t h e r e  s e e m s  t o  
he n o  c o n s i - t e n c y  a t  a l l  in  t t e  I n c r e a s e s  o r  d e c r e a s e s  o f  
f i s s i o n  r a t e  i r  t h e  e x p e r i m e n t s  o f  e n y  w o r k e r .  One g e t s  
a  s l i g h t  i n c r e a s e ,  a n o t h e r  a  l a r g e  i n c r e a s e ,  and a n o t h e r  
a  d e c r e a s e .  I f  t h e y  had a l l  u s e d  t h e  same t e c h n i q u e  and 
am oun ts  o f  m a t - ^ r ia l ,  t h e  r e s u l t s  m ig h t  h a v e  heen  c o n ­
s i s t e n t *
From my f i g u r e s ,  th e  tw o  t y p e s  o f  g la n d  p r o d u c t s  
d o  n o t  seem  t o  a f f e c t  t h e  l i n e s  c o n s i s t e n t l y *  E p in e p h r in  
d o e s  n o t  d e p r e s s  t h e  d i v i s i o n  r a t e ,  w h i l e  s u p r a r e n a l  
d o e s ,  n e i t h e r  k in d  o f  p o s t e r i o r  p i t u i t a r y  p r o d u c t s  
h a s  a n y  e f f e c t .  D e s i c c a t e d  w h o le  p i t u i t a r y  d o e s  n o t
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s t i m u l a t e *  TÆille t h e  e x t r a o t  d e p r e s s e s *  C r ie d  and l i q u i d  
co irp us lu te u m  c a u s e  d e a t h  o r  d e p r e s s e d  d i v i s i o n  r a t e *
I n  g e n e r a l *  t h e r e f o r e *  s i n c e  no e x t r a c t s  or d r i e d  
g l a n d s  e f f e c t e d  an i n c r e a s e  In  t h e  d i v i s i o n  r a t e  o f  
harsm eoluB t .  i t  s e e m s  t h a t  t h e r e  ca n  h e  no hormone s t i m ­
u l a t i o n  end t h a t  b a c t e r i a  find b y - p r o d u c t s  h a v e  more to 
do w i t h  t h e  r e s u l t s  th a n  a n y t h i n g  e l s e *
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1* f  aram eolnm  cau d atn m  w as grow n  In  #025^j b a s i o  t e e  Y 
e x t r a c t  t r o t h  o r  w i t h  I n j e c t i o n s  o f  â r i o d  t h ^ o i d ,  p o s t e r ­
i o r  p i t u i t a r y *  w h o le  p i t u i t a r y *  c o r p u s  lu te u m  a n d  s u p r a ­
r e n a l  in  h e e f  e x t r a c t #
2#  D i s l o c a t e d  t h y r o i d  l i n e s  d u r in g  t h i r t y  do,ys d i ­
v id e d  much m ore s l o w l y  th a n  t h e  c o n t r o l s #
3 .  D e s i c c a t e d  p o s t e r i o r  p i t u i t a r y  and w h o le  p i t u i t a r y  
seem ed  t o  h s v e  n o  e f f e c t s #
4 .  D e s i c c a t e d  s u p r a r e n a l - f e d  l i n e s  d i v i d e d  20-30^» m ore  
s l o w l y  th a n  t h e  c o n t r o l s #
5* C orpus lu te u m  d e p r e s s e d  t h e  d i v i s i o n  r a t e  n e a r l y
4 0 ^ #
6 * M i c r o s c o p i c  and m a c r o s c o p i c  o b s e r v a t i o n s  o f  
t h e  d e s i c c a t e d  g la n d  m e d ia  d^iowed d i s t i n c t  b a c t e r i a l  
c o n g e s t i o n  and c l o u d i n e s s  w h ic h  ras r a r e l y  p r e s e n t  i n  
c o n t r o l s  #
7# The b a c t e r i a l  c o u n t s  o f  d e s i c c a t e d  g la n d  m e d ia  w er e  
much h i g h e r  th a n  c o n t r o l  o r  e x t r a c t  g la n d  m ed ia*  s h o w in g  
t h a t  w i t h i n  t w e n t y - f o u r  h o u r s  t h e  d e s i c c a t e d  g ls .n d s  
w ou ld  e n a b l e  b a c t e r i a  t o  d e v e l o p  i n  v e r y  l a r g o  n u m b e rs .
8# The p e d i g r e e d  l i n e s  w e r e  a l s o  grown in  t h e  l i q u i d  
e x t r a c t  m ed ia #
9» E p in e p h r in  and p o s t e r i o r  p i t u i t a r y  e x t r a c t  l i n e s  
d i v i d e d  a s  f a s t  a s  t h e  c o n t r o l s ,
10# C orpus lu te u m  and w h o le  p i t u i t a r y  e x t r a c t  l i n e s
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a i T l d e d  lO-SOfj m ore 8 l o .? ly  th a n  t h e  ©ont r o i  s .
11*  A n t e r i o r  p i t u i t a r y  e x t r a c t  k i l l s  param eoittm *
1 2 ,  T h ere  rre re  n e v e r  any o onglest l o n s  in  t w e n t y - f o u r  
h o u r  o l d  m e d ia ,  and f ito o k  c u l t u r e  l i n e s  c o u ld  e x i s t  f o u r  
o r  f i v e  d ays  and i n c r e a s e  In  l a r g e  n u m b e r ,a
1 3 ,  The e s t i m a t e s  show t h e  o o u n t  o f  b a c t e r i a  i s  l e s s  
in  t h e  e x t r a c t s  th a n  t h e  c o n t r o l s ,
1 4 ,  The s p e e d  o f  g r o w th  o f  b a c t e r i a l  f l o r a  d o e s  n o t  
r e g u l a t e  t h e  d i v i s i o n  r a t e  when b eyon d  a  c e r t a i n  p o i n t ,
15* Ho d e s l c o a t e d  g la n d  l i n e  o f  Poraigeoium  w ould  l i v e  
i n  t h e  o l d  m e d ia  a s  l o n g  a t im e  a- t h e  c o n t r o l s  o r  l i q u i d  
e x t r a c t  o u l t u r e  l i n e s  w o u ld ,
1 6 *  Too many b a c t e r i a  c a u s e  d e a t h  in  t h e  s t o c k  c u l t u r e  
s l i d e s  o f  t h e  d e s i c c a t e d  g l a n d s ,
I T ,  B y - p r o d u c t s  o f  b a c t s r i a  o r  t t e  k in d  o f  b a o te A a  
d u e ,  o f  c o u r s e ,  t o  th e  m e d ia ,  p r o b a b l y  c a u s e  t h e  d i f f e r ­
e n c e s  i n  t h e  d i v i s i o n  r a t  s  o f  t h e  d i f f e r e n t  g la n d  l i n e s ,
18*  P r o b e .b ly  e n d o c r i n e  h orm on es a r e  s e l e o t i v e  in  
t h e i r  o p e r a t i v e s  i n  h i g h e r  a n i m a l s .  Why s h o u ld  t h e y  
s t i m u l a t e  garam eo lu m ?
1 9 *  G r e a t  v a r i e t y  o f  r e s u l t s  among t h e  w o r k e r s  i s  
p r o b a b ly  due t o  d i f f e r e n t  m e d ia ,  m e t h o d s ,  and t e c h n i q u e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
BIBLIOGHAHiy
A b d e r h o ld e n ,  E , ,  an d  S o h ir r m a n , 0 .
1 9 2 3 .  **Wutare U n ta r s u c b u n ^ e n  u b e r  d l a  v o n  a i n z a l e n
Organem. la e r v o b r a o h te r  S u b s t a n o e n  io.it an  Param ocIuei und  
U n t e r v e r s u c b i m s e n  u b e r  d i e  G esc îi’w in d ig lc e i t  l i i n e r  T e l l -  
tm g u n t e r  dem S l n p l u s s  v o n  O ptonen  aua v e r s c b i o d e n e a  
O r g a n e n ."  A r c h . R e a .  P h y s i o l .» 1 9 4 ,  2 0 4 - 2 1 7 ,  4  f i g .  6  
T a b le s  «
B a l l .
1 9 2 5 .  " B x p o r im e n ts  on  t h e  A c t i o n  o f  V a r io u s  E n d o c r in e  
S u b s t a n c e s ,  o f  L i v e r ,  a n d  o f  G ly c o g e n  on t h e  D i v i s i o n  
R a te  o f  P a ra m ec iu m " . U . o f  C a l i f ,  p u b l i c a t i o n s  i n  
Z o o l o g y , V o l .  2 6 ,  N o . 'EÔ'i" p p . 3 5 3 - 3 8 5 .
B e e r s •
1 9 2 8 .  "The R e l a t i o n  o f  D i e t a r y  I n s u f f i c i e n c y  t o  V i t a l i t y  
i n  C i l i a t e  D ld in lu m  N asu tu m " . J o u r ,  o f  E x p e r . Z o o l . .  
V o l .  5 1 ,  1 2 1 - 1 3 3 .
B o d i n e , J .  H .
1 9 2 1 .  H y d ro g en  I o n  C o n c e n t r a t i o n  o f  P r o t o z o a n  C u l t u r e s . "
B i o l .  B u l l . ,  4 l , V 3 - 7 7 , 3  f i g .  i n  t e x t ë
C a l k i n s ,  G. N .
1 9 0 2 .  " S t u d i e s  i n  t h e  L i f e  H i s t o r y  o f  P r o t o z o a  I .  L i f e  
C y c le  o f  P aram ec iu m  Cauda turn". A r c h , o f  E n t . Mo c h . .
1 5 ,  1 3 9 - 1 8 6 .  4  f i g s .  i n  t e x t ,  3  t a V ï e s .
1 9 0 4 .  " S t u d i e s  o n  t h e  L i f e  H i s t o r y  o f  P r o t o z o a  IV .
D e a th  o f  A S e r i e s  C o n c l u s i o n s " .  J o u r . o f  E x p e r . Z o o l . , 
I ,  4 2 3 - 4 6 1 .  3  p i t s . ,  3  f i g s .  i n  t e x t ™ "
1 9 2 6 .  "The B i o l o g y  o f  P r o t o z o a ” . L ea  I .  F e b l g e r .
C ham b ers , M. H .
1 9 1 9 .  The E f f e c t  o f  Some F ood  H orm ones an d  G la n d u la r  
P r o d u c t s  on  t h e  Growth R a te  o f  Param ec ium Cauda turn.
ï ï T ô r r i H i T r r i 5 S T ""5 ^ ------------------------------------------
Champy, 0 .
1 9 2 2 .  "L’ a o t l o n  o f  1  * e x t r a i t  t h y r o ï d i e n  s u r  l a  m u l t i p l i ­
c a t i o n  c e l l u l a i r e .  C a r a c t è r e  é l e c t i f  de c e t t e  a c t i o n . ” 
^ o h .  Morr>. G en. e t  E x p e r . . f a s o . ,  4 ,  5 5  p p . ,  27  f i g s ,  
i n  t e x t ,  9 g r a p h e .
C o r i ,  G* T .
1 9 2 3 .  "The I n f l u e n c e  o f  T a y r o id  E x t r a c t s  a n d  T h y r o x in  on  
t h e  M u l t i p l i c a t i o n  o f  P a r a m e c ia " .  Amer. J o u r .  P h y s i o l . .  
6 5 ,  2 9 6 - 2 9 9 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Bibliography - § Z
C u t l e r ,  D . T7., a n d  Crump, L .  M*
1 9 2 3 .  "The B a t e  o f  B e p r o d u o t io n  In  A r t i f i c i a l  C u l t u r e  o f  
G olp od iu m  C o lp o d a " .  B io o h em . J  o u r . , 1 7 ,  1 7 4 - 1 8 6 ,  7 
f i g s .  i n  t e x t .
E n r i q u e s ,  P .  I .
1 9 0 3 .  " S u l l a  c o s i  d e l t a  d e g o a e r a z i o n e  s e n i l e ,  d e l  p r o ­
t o z o a . "  M o n ito r e  Z o o l .  I t a l . . 1 4 i 3 4 9 - 3 5 1 .
1 9 0 5 .  " S u l l a  d e g e n e r a z l o n e  s e n i l e  n e g l i  I n f u s o r i a . "
B a s L d la . , AQ.qadi.,.,L1uoq1.> ( 5 ) ,  1 4 :  3 5 1 - 3 5 7 .
1 9 0 5 a .  "Anoora d e l l a  d e g e n e r a z i o n e  s e n i l e  n e g l i  I n f u s o r i a . "  
I b i d . .  ( 6 )  1 4 :  3 9 0 - 3 9 5 .
E s t a b r o o k ,  A. H .
1 9 1 0 .  " E f f e c t  o f  C h e m ic a ls  on  Growth i n  P a ra m ec iu m ,"
J o u r .  E x p e r .  Z o O l. .  8 ,  4 8 9 - 5 3 4 .
F l a t h e r ,  M. D.
1 9 1 9 .  "The I n f l u e n c e  o f  G la n d u la r  E x t r a c t s  upon t h e  Con­
t r a c t i l e  V a c u o l e s  o f  P aram ec iu m ."  B i o l .  B u l l . 3 7 ,  2 2 -  
3 9 ,  2 f i g s .  i n  t e x t ,  6 t a b l e s .
H a r g i t t ,  G. T . ,  a n d  F r a y ,  W. W.
1 9 1 7 .  "The Growth o f  P aram ecium  i n  P u re  C u l t u r e s  o f  B ac­
t e r i a " .  J o u r ,  o f  E x p e r .  Z o o l . .  2 2 ,  4 2 1 - 4 5 5 ,  8  t a b l e s ,
1  c h a r t .
K ahn , B . B *
1 9 2 1 .  "Tiber S c h i l d d r u s e n f u t t e r u n g  a n  W i r b e l l o e e n ."  A r c h . 
g e s .  P h y s i o l , , 1 9 2 ,  8 1 - 9 2 ,  4  t a b l e s -
K u n k e l ,  B . W.
1 9 1 8 .  "The E f f e c t s  o f  D u c t l e s s  G la n d s  on  t h e  D ev e lo p m en t  
o f  t h e  F l e s h  F l i e s . "  J o u r ,  o f  E x p e r .  Z o o l . ,  2 6 ,  2 5 5 -  
2 6 4 ,  9 t a b l e s .
l u c k s .  S h e e t s ,  an d  M u rr a y .
1 9 3 1 .  "The N u t r i t i o n  o f  P r o t o z o a . "  The Q u a r t e r ly  R e v ie w  
o f  B i o l . ,  4 ,  3 .  7 8 - 8 8 .
N o w l k o f f ,  M.
1 9 0 8 .  " D ie  W irkung o f  S c h i l d d r u s e n e x t r a c t s  und e i n l g e r  
a n d e r e r  O r g a n s t a f f e  a u f  C i l i a t e r . "  A r c h , f .  P r a t . , 1 1 ,  
3 0 9 - 3 2 5 ,  9 f i g s . , i n  t e x t ,  5  t a b l e s .
P e t e r s ,  R . A .
1 9 2 1 .  "The S u b s t a n c e s  n e e d e d  f o r  t h e  G rowth o f  a  P u r e  
C u l t u r e  o f  C o lp od iu m  C o lp o d a ."  J o u r ,  P h v s i o l o g v ,  5 5 ,  
1 - 3 2 .  1 4  f i g .  i n  t e x t ,  3  ta b le s" :
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Bibliography - # 3
P h i l l i p s ,  H. L .
1 9 2 2 .  " Ih e  G rowth o f  P a r a a e c lt im  I n  I n f u s i o n s  o f  Known 
B a c t e r i a l  C o n t e n t ."  J o u r .  E x p e r .  Z o o l . .  3 6 ,  1 3 5 - 1 3 5 .
B e n n y ,  P .
1 9 2 2 .  "L’ io d o  a n d  l a  a e ta m o r p h o s e  da l* A a m o co © tes  
b r a n c h i a l e s  e n  P e t r o n y z o n  p l a n a r !  ( B l o c k ) .  C. R.
SCO. B i o l . .  P a r i s ,  1 2 9 - 1 3 1 .
R i d d l e ,  M. C . ,  a n d  T o r r e y ,  H . B ,
1 9 2 3 .  "The P h y s i o l o g i c a l  R e s p o n s e  o f  P aram ecium  t o  Thy­
r o x i n . "  A n a t .  R e o . . 2 4 ,  3 9 6 .
Shumway, W.
1 9 1 4 .  "The E f f e c t  o f  T h y r o id  on  t h e  D i v i s i o n  R a to  o f
P a r a m e c iu m ."  J  o u r . S x p e r . Z o o l . . 1 7 ,  2 9 7 - 3 1 4 .  3  f i g s .
i n  t e x t .
1 9 1 7 .  "ühe E f f e c t s  o f  a  T h y r o id  D i e t  upon P aram ec iu m ."
I b i d . . 2 2 ,  5 2 9 - 5 6 3 ,  1 2  f i g s . I n  t e x t ,  21 t a b l e s .
S t r a u s ,  W. L .
1 9 2 3 .  " T h y r o id  C u l t u r e s  o f  P a r a m e o ia " .  S c i e n c e . 5 3 , 2 0 5 .  
T o r r e y ,  H . B .
1 9 2 4 .  "*ni© E f f e c t  o f  D i s s o l v e d  T h y r o x in  o n  t h e  D i v i s i o n
H a te  o f  P a ra m e c iu m ."  A n a t .  H e c . . 2 6 ,  3 6 7 .
W o o d r u ff ,  L . L , a n d  B a i t s e l l ,  G. A .
1 9 1 1 .  "The R e p r o d u c t io n  o f  P aram ecium  A u r e l i a  i n  a
C o n s ta n t  C u l t u r e  Medium o f  B e e f  E x t r a c t . "  J o u r .  E x p e r .  
Z o o l . , 1 1 :  1 3 5 - 1 4 2 .
W o o d r u ff ,  L .  L . ,  and  S w i n g l e ,  W. W.
1 9 2 3 .  " ® ie  E f f e c t s  o f  T h y r o id  P r o d u c t s  on  P aram ec iu m ."
P rop  « S o o . E x p e r . B i o l . and Med. . 2 0 ,  3 8 6 .
192^1 "The E f f e c t s  o f  i D i y r b i d  a n d  Some O th er  E n d o c r in e  
P r o d u c t s  on  P a ra m ec iu m ."  Amer. J o u r .  P h y s i o l . ,  6 9 ,
2 1 - 3 4 ,  1 1  t a b l e s .
W u lzen , R.
1 9 2 3 .  "A S tu d y  i n  t h e  N u t r i t i o n  o f  an I n v e s t e b r a t e ,
P l a n a r l a  M a o u la t a ."  U n i v e r s i t y  o f  C a l i f .  P u b l .  I ^ y s l o l . ,  
5 ,  1 7 5 - 1 8 7 ,  4  f i g s . ,  i n  t e x t ,  6 t a b l e s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
